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To further the study of learning in the context of immersive 
virtual technologies, this systematic literature review ad-
dressed the following research questions: ‘how is self-effica-
cy being studied in immersive virtual learning environments?’ 
‘What kinds of self-efficacy findings have been made in im-
mersive virtual learning environments?’ The peer-reviewed 
book chapters and journal articles included in this study were 
published in english between January 2014 and January 
2020. 
A narrative synthesis was created for understanding the vari-
ous aspects of the topic. During the process, the scarcity of 
experimental research on self-efficacy in immersive virtual 
learning environments was revealed. The results bring to light 
the mixed self-efficacy findings in the context of immersive 
virtual learning and underline the importance of ensuring the 
quality of the experimental designs in future research. The 
study of self-efficacy in this context is suggested to benefit 
from increased attention to the questions of methodology and 
measurement. To further the goals of immersive virtual learn-
ing research, extending the participant base of the experi-
ments by engaging in working life collaboration is strongly 
recommended.
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immersive virtual learning environments (VLes) are considered suit-
able for the training and development of professional skills in many disci-
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plines, including those in the arts and humanities, health sciences, military 
and aerospace, and science and technology (Concannon et al., 2019; Pel-
argos et al., 2017). The technical affordances of immersive virtual reality 
(VR) have also been found to have potential for teacher training (Billingsley 
et al., 2019). Advances in computer technology have only recently enabled 
the development of high-fidelity augmented reality (AR) and VR that can 
appeal to the masses and capture the interest of commercial enterprises and 
researchers. During the 2010s, many large corporations released VR and AR 
systems intended for commercial use, thus making them more easily avail-
able for researchers and educators alike (Concannon et al., 2019; Makran-
sky & Lilleholt, 2018; Pelargos et al., 2017). 
From education researchers’ point of view, immersive technologies 
may require current cognitive theories of learning to be reassessed from the 
viewpoint of affective and motivational factors (Makransky, Terkildsen, & 
Mayer, 2019). Considered a crucial factor associated with educational suc-
cess in both individual and group contexts, self-efficacy (Se) is a construct 
that refers to a person’s belief in their ability to successfully perform vari-
ous tasks and to achieve specific goals (Bandura, 1994; klassen & usher, 
2010). however, previous Se research has been found to suffer from both 
faulty conceptualisation of the construct and measurement problems. When 
Se measures are employed in research, their quality should be carefully as-
sessed (klassen & usher, 2010).
Through a systematic literature review, the current study aims to con-
tribute to the field of education research by focusing on studies that have 
utilised Se measures in research on immersive VLes since the wider avail-
ability of the commercial VR technology to the researchers in the mid-
2010’s (c.f. Lehikko, 2020). The key concepts for this systematic literature 
review are VLes, immersion, and Se.
VIRtuAL LEARnIng EnVIRonMEntS
Like traditional learning environments, VLes significantly differ from 
one another in terms of the types of learning experiences they can offer. A 
learning management system such as Moodle can be regarded as a type of 
VLe (Dalgarno & Lee, 2010). When delivered on a digital platform, learn-
ing can be either synchronous (instructor-led) or asynchronous (self-paced 
study). The learning content can be accessed, for example, with a computer 
or a smartphone (Clark & Mayer, 2016). Three-dimensional (3D) VLes can 
be distinguished from other virtual environments by their three-dimension-
ality, interactivity, and smooth temporal changes (Dalgarno & Lee, 2010). 
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They often aim to simulate or replicate an environment, sometimes with the 
aid of VR, AR, or mixed reality (MR) technology (e.g. Makransky & Lille-
holt, 2018). 
The main difference between VR, AR, and MR lies in the amount of 
digital content that is mixed with reality (elbamby et al., 2018). in AR and 
MR, computer-generated virtual objects are superimposed on the real world 
and viewed with glasses developed for this specific purpose. VR refers to a 
completely virtual, simulated experience (Concannon et al., 2019; elbamby 
et al., 2018; Pelargos et al., 2017). Representational fidelity, combined with 
interactional elements, is known to enhance the sense of presence within a 
virtual environment (Dalgarno & Lee, 2010).
often, the virtual environment demands the use of an electronic repre-
sentative called an avatar. Second Life is an example of a widely studied, 
desktop-based 3D virtual world that belongs to this category (Concannon et 
al., 2019). VLes also often incorporate virtual pedagogical agents that are 
thought to facilitate the learning process. Agents and their design have a sig-
nificant influence on the learner’s Se, which might in turn affect learning 
outcomes (Schroeder et al., 2018).
IMMERSIon
immersion can be described as ‘an objective measure of the extent to 
which the system presents a vivid virtual environment while shutting out 
physical reality’ (Cummings & Bailenson, 2016, p. 3). The level of immer-
sion separates a desktop virtual environment, which is displayed on a com-
puter screen and is often controlled with a mouse, from an environment that 
is viewed using a head-mounted display (hMD) or a Cave Automatic Vir-
tual environment (CAVe), which surrounds the user with large screens and 
is viewed through a pair of 3D glasses (e.g. Makransky & Lilleholt, 2018).  
in some previous studies, the level of immersion has been understood 
as the user’s personal experience of either being convincingly immersed in 
the virtual world or remaining cognizant of the virtual experience (e.g. Pel-
argos at al., 2017). The current study reflects the alternative view that a high 
or low level of immersion in a VLe depends on the technology used to cre-
ate the experience (Table 1). Desktop VLes are thus considered non-immer-
sive (Concannon et al., 2019; Makransky & Lilleholt, 2018).  
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table 1
Defining immersive vs. non-immersive VR (Concannon et al., 2019, p. 3)
Term Definition Examples
Immersive VR The user is entirely surrounded by 
the virtual environment, encompass-






The user is not entirely surrounded 
by the virtual environment; images of 
the virtual world and the real world 
can be seen simultaneously (Rebelo 




The more immersive the system, the more likely the user will become 
psychologically engaged in the virtual task at hand (Cummings & Bailens-
on, 2016). in some users, immersive VR has been found to cause nausea 
and dizziness, which are similar to the symptoms of motion sickness (e.g. 
elbamby et al., 2018). Little empirical research exists on how the level of 
immersion impacts learners’ interest, motivation, self-regulation, and per-
formance in the learning process (e.g. Makransky & Lilleholt, 2018). high 
fidelity does not necessarily mean a better learning experience; for instance, 
it may tax the learner’s capacity to process sensory data, thus hindering the 
cognitive processes essential to learning (Makransky, Terkildsen, & Mayer, 
2019). From researchers’ point of view, high fidelity could be helpful when 
aiming to measure actual, transferable phenomena instead of phenomena 
that could be attributed to the environment itself (Billingsley et al., 2019).
SELf-EffIcAcy
Se refers to ‘people’s beliefs about their capabilities to produce desig-
nated levels of performance that exercise influence over events that affect 
their lives’ (Bandura, 1994, p. 2). The concept of Se is essential in the social 
cognitive theory. Se beliefs are especially critical in educational settings 
and give the learners the impetus to overcome the various challenges often 
present in situations that demand adaptation to and learning of new skills. 
The learner’s Se should optimally slightly exceed their current ability level 
for the added motivation to succeed in the task at hand. in general, people 
prefer activities in which they feel competent over those in which they feel 
uncertain (Bandura, 2012; klassen & usher, 2010). in addition to its direct 
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effect on behaviour, Se influences other determinants such as the level of 
chosen challenges and goals and the outcome expectations related to these. 
Se is also reflected in the resilience people demonstrate when working to-
wards these goals (Bandura, 2008; Pajares, 1996).
Se-relevant information is received from four sources identified in re-
search: 1) mastery experiences, 2) vicarious learning, 3) social persuasion, 
and 4) physiological and affective states. Mastery experiences, such the suc-
cessful execution of a task, can help learners to build a robust sense of Se. 
opportunities to learn from failed efforts are usually required to increase re-
silience. By the principle of vicarious learning, one’s belief in their abilities 
can be enhanced by observing others succeed in the task. The effect is stron-
ger if learners perceive more similarity between the observed person and 
themselves (Bandura, 1994, 2008). note that a person with low Se makes 
more negative comparisons between the model and themselves, which may 
cause them to benefit less from the vicarious information (Wilde & hsu, 
2019). overall, the effect on learners’ Se depends on their interpretation of 
the event. The process through which people select or discard the relevant 
stimuli is not yet clearly understood (klassen & usher, 2010).
Pedagogically, effective Se builders act in a way that enables success-
ful mastery experiences for others. They may act as a model for the desired 
behaviour, utilise the power of social persuasion by providing positive feed-
back, and support learners in overcoming negative feelings in the learning 
process. encouraging learners to assess their self-improvement instead of 
comparing themselves to others is also important (Bandura, 2008). in de-
signing Se-enhancing learning situations for immersive VLes, these actions 
usually performed by human instructors must be delivered to learners by 
other means by default. however, owing to the phenomenon’s nature, a uni-
versal Se solution that uniformly suits all learners is not feasible (klassen & 
usher, 2010).
in their 2010 review of 96 studies on Se, klassen and usher noted that 
51% of the articles examined used measures that were incongruent with 
the Bandurian theoretical view on the Se construct. To ensure the theoreti-
cal congruence of the measure, Se needs be regarded as a context-specific 
judgement instead of a trait-like construct: the use of domain-specific Se 
measurements is recommended (Bandura, 2012; Pajares, 1996). When con-
structing measures, unipolar Se scales ranging from zero to maximum ef-
ficacy should be preferred over bipolar scales (Bandura, 2012). Complex ac-
tivity domains also demand multidimensional assessments of different types 
of Se beliefs (Bandura, 2012). Contextual and environmental factors should 
thus be taken into consideration in Se research.
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AIM And RESEARch QuEStIonS
The aim of this systematic literature review was to create a narrative 
synthesis on the research on Se in immersive VLes (Torgerson et al., 2012). 
The research questions were ‘how is Se being studied in immersive VLes?’ 
and ‘What kinds of Se findings have been made in immersive VLes?’
MEthodS
A systematic literature review can provide an overview of the defini-
tions of a concept and be used to examine how the concept has been utilised 
in research (e.g. Palsa & Ruokamo, 2015). A systematic review is ‘designed 
to be explicit, transparent and replicable’ to overcome the potential prob-
lems often associated with the design of traditional literature reviews (Torg-
erson et al., 2012, p. 217). To identify all relevant research, hand searching 
of the key journals, citation searching, and checking of the bibliographies of 
previous studies can be performed as part of the search process (Torgerson 
et al., 2012).  
SELEctIon cRItERIA
The publishing range, from January 2014 to January 2020, was chosen 
owing to the research interest in immersive virtual technologies during this 
period, which has been growing since the mid-2010s according to elbamby 
et al. (2018). only peer-reviewed journal articles and book chapters pub-
lished in english were included in the study. Moreover, in accordance with 
the research questions, only studies in which Se was measured in a learn-
ing scenario in an immersive VLe were included. Thus, studies that focused 
on learning technology not considered as immersive in this study, such as a 
desktop virtual environment, AR, or MR, were excluded. uncontrolled ex-
periments were excluded as a quality assurance measure (Sung et al., 2019).
SEARch PRocEduRE
An initial search was conducted in october 2019 that covered six da-
tabases and used the search term ‘self-efficacy’ or ‘self efficacy’ combined 
with one of the following phrases: ‘virtual learning’, ‘learning in virtual 
environments’, ‘virtual learning environment’, ‘3D learning environment’, 
‘3D learning’, or ‘immersive learning environment’. The university library 
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informatician was consulted when selecting the suitable databases, search 
terms, and keywords.
The search covered the following databases: Academic Search elite, 
eRiC (ProQuest), PsycinFo, ScienceDirect (elsevier), Scopus, and Web of 
Science. These databases were selected for their relevance to educational re-
search. A search was also made in the Finnish databases Melinda and ARTo 
using the translated search terms and available keywords from the YSo 
General Finnish ontology database. The Finnish databases yielded zero re-
sults and were excluded from the subsequent search strategy.
The second search was made in December 2019, covering the year 
range 2014–2019, in the same international databases with the addition of 
SpringerLink. The search criteria were modified to improve the accuracy of 
the results. The non-hyphenated search phrase ‘self efficacy’ was abandoned 
in favour of the spelling in APA style. The search terms used were ‘self-
efficacy’ in combination with ‘immersive’, ‘immersion’, ‘3D’, or ‘virtual’ as 
well as the phrase ‘learning environment’. The search was updated in Janu-
ary 2020 and July 2020 to obtain results for the full desired year range. The 
third search was performed in July 2020 with the search terms ‘self-effica-
cy’, ‘immersive’ or ‘immersion’, and ‘virtual reality’ or ‘VR’. After remov-
ing the duplicates, the total number of results retrieved from these searches 
was 4595.  
After a primary body of peer-reviewed literature was identified in each 
database, the texts were compared against the search terms by reading the 
titles and abstracts (see Fig. 1). owing to the multiple interpretations of the 
relevant glossary present in the field of research, screening according to the 
level of immersion was not possible at this stage (Concannon et al., 2019). 
Any publications that did not conform to the inclusion criteria, such as con-
ference papers, were excluded. only studies that measured general or do-
main-specific Se were included in the selection (e.g. Shu et al., 2019).
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figure 1. inclusion and exclusion Process.
After omitting the duplicates, 107 research articles and book chapters 
were selected for closer scrutiny. These texts were then read in full. The lev-
el of immersion present in the learning environments in each of the studies 
was assessed based on the glossary proposed by Concannon et al. (2019). 
Some studies reported the use of immersive VR technology in experiments 
but did not separately report the results for these technologies (e.g. Farra et 
al., 2019). only the studies that demonstrated the use of immersive VLes in 
a controlled experiment and reported the results accordingly were selected 
for the final review; in total, seven studies were included.
in the last search phase, the titles on the lists of references in the se-
lected studies were manually searched for further results. The journals that 
had published the articles were also searched online using the search terms 
and criteria described above. no additional literature was found during this 
phase.
Study REVIEw PRocEduRE
First, the selected articles were alphabetically organised in rows by ci-
tation on a spreadsheet. The following information was then extracted from 
each of the articles and organised into columns: the study purpose (e.g. the 
impact of hMD VR on science Se), the study methodology (e.g. number 
of comparison groups and treatments and data collection arrangements), 
the Se measures used (e.g. adapted from the general Se scale or Motivat-
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ed Strategies for Learning Questionnaire (MSLQ)), the participant features 
(e.g. age, number, and participant acquisition method), the subject matter 
and educational context of learning (e.g. aviation safety training), the type 
of learning media used in the study (e.g. different types of VR displays), and 
the findings and observations made by the author(s) on learners’ Se.
RESuLtS
The following variables were summarised from the seven articles that 
met the pre-determined criteria of measuring Se in an immersive VLe: a) 
the purpose of the study, b) the learning context, c) the study methodology, 
d) the sample description, e) the Se measurement, and f) the Se findings 
(see Table 2). Leder et al. (2019) only measured Se in Study 1, the first of 
the two experiments described in the paper. Therefore, Leder et al.’s Study 2 
was not included in the analysis. Shu et al. (2019) also reported two experi-
ments, which will be referred to here as Shu experiments ‘A’ and ‘B’. The 
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Study PuRPoSE
Se was a focal concept in four of the studies (huang, 2019; Meyer et 
al., 2019; Qu et al., 2015; Shu et al., 2019). one study aimed to assess a 
range of motivational and cognitive benefits of training in immersive VR 
(Makransky, Borre-Gude, & Mayer, 2019). huang (2019) examined the im-
pact of hDM VR on science Se. Meyer et al. (2019) investigated the ef-
fect of pre-training when learning through immersive VR and video. Qu et 
al. (2015) concentrated on the effects of social evaluation, vicarious experi-
ence, cognitive consistency, and praise on students’ beliefs, Se, and anxiety. 
Presence was the focus of two of the studies (Buttussi & Chittaro, 
2018; Shu et al., 2019). Buttussi and Chittaro (2018) aimed to determine the 
effects of different types of VR displays on presence and learning. Shu et al. 
(2019) compared presence and Se between an hMD and a desktop VLe. 
Leder et al. (2019) compared learning results, risk perception, and decision-
making between CAVe VR and a slideshow presentation. Five of the stud-
ies compared immersive VR with either different types of VR technology or 
other learning media in their experimental design. The media remained the 
same between the treatments only in the experiments by huang (2019) and 
Qu et al. (2015). 
LEARnIng contExt
Four of the seven studies used immersive VR as a preparatory vehicle 
for safety or emergency training. Buttussi and Chittaro’s (2018) study uti-
lised a serious game for teaching procedural knowledge about aircraft evac-
uation. Leder et al. (2019) gave pillar drill safety training to the study par-
ticipants. Shu et al. (2019) trained their participants in earthquake prepared-
ness, whereas Makransky, Borre-Gude, and Mayer (2019) trained their stu-
dents on laboratory safety. Qu et al. (2015) utilised VR in an english class 
for non-native speakers. There were also two science lessons about cells: 
‘exploring the cell castle in the human body’ (huang, 2019) and ‘The Body 
VR: The journey inside a cell’ (Meyer et al., 2019). The learning objectives 
in the studies appeared to include both information transmitting and proce-
dural skill building (Clark & Mayer, 2016).
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Study MEthodoLogy
All the reviewed studies were controlled experiments that each included 
2–4 treatments. The use of pre- and post-tests, questionnaires, and other in-
struments in these experiments was reported. The only post-test decision-
making task was arranged by Leder et al. (2019). Qu et al. (2015) reported 
using physiological measurement data (skin conductance and heart rate) and 
speech length assessment. only the experiment by Makransky, Borre-Gude, 
and Mayer (2019) included a behavioural transfer test; performance differ-
ences between the high- and low-level immersion conditions were not iden-
tified until this test had been conducted. 
The studies displayed a varying degree of rigour in terms of their ex-
perimental control. Leder et al. (2019) reported two treatments that only dif-
fered with respect to the level of immersion. Makransky, Borre-Gude, and 
Mayer (2019) trained the study participants with a booklet, non-immersive 
VR, and immersive VR, always maintaining careful consideration of simi-
lar learning content and optimised delivery. in the Shu experiments A and 
B, the control group received only the questionnaires and no training. Shu 
experiment A utilised a single-group, repeated-measure design. under these 
circumstances, making clear distinctions on which elements contribute to 
the measured change in learning and Se can be difficult (e.g. Clark & May-
er, 2016).
in huang’s (2019) study, an instrument was designed for measuring sci-
ence Se. Whereas the control group completed the questionnaire before the 
learning intervention, the order was reversed for the test group. note that 
according to Moriarty (2014), this alone may influence the results of the Se 
questionnaires. Leder et al. (2019) utilised the Se measure in pre-test only. 
in the Shu experiment A and the experiments of both Qu et al. and Meyer et 
al., Se was only measured in post-tests. Qu et al. (2015) reported counter-
balancing the order of treatments in their single-group design as a control 
measure against potential learning, order, or fatigue effects.
SAMPLE dEScRIPtIon
Three studies did not disclose the country where the experiments were 
conducted (Buttussi & Chittaro, 2018; Makransky, Borre-Gude, & May-
er, 2019; Meyer et al., 2019). of these, both Makransky, Borre-Gude, and 
Mayer’s (2019) and Meyer et al.’s (2019) studies were set in large european 
universities. The remaining four studies were conducted in China (huang, 
2019), Germany (Leder et al., 2019), the netherlands (Qu et al., 2015), and 
Taiwan (Shu et al., 2019). 
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in four of the seven studies, the participants were university students. 
The majority were over the age of 18. Buttussi and Chittaro (2018) recruited 
unpaid volunteers through personal contact. high school students were re-
cruited in two studies: in Leder et al.’s (2019) study, the participants’ mean 
age was 18.42 years, and whereas the age of the students was not disclosed 
in huang’s (2019) study, the participants were described as 11th graders. The 
oldest participants were reported in Meyer et al.’s (2019) study, where ‘a 
few’ (4.2% of the total number) were older than 35 years, and in the Buttus-
si and Chittaro’s (2018) study, where the age range was 18–36 years. over-
all, the research subjects in these experiments were mainly students. 
The sample sizes varied between 26 and 118, and the 8 experiments 
had 560 participants in total. The reported treatment group sizes were be-
tween 20 and 37, and the group size data was unavailable for Leder et al.’s 
(2019) experiment.
SELf-EffIcAcy MEASuREMEnt
Six of the seven studies measured domain-specific Se (Pajares, 1996). 
in all six studies, the Se measure used was a 5–11-point Likert scale. The 
measures varied in terms of the number of items, ranging from 1 to 20. in 
Qu et al.’s (2015) study, the scale was unipolar with extremes of ‘not con-
fident at all’ and ‘very confident’. Buttussi and Chittaro (2018) utilised 
a similar scale with ‘not at all’ and ‘very’ for the questionnaire items. The 
scale extremes used by huang (2019), Makransky, Borre-Gude, and May-
er (2019), and Meyer et al. (2019) were ‘strongly disagree’ and ‘strongly 
agree’. Shu et al. (2019) similarly used ‘totally disagree’ and ‘totally agree’ 
for the extremes of a bipolar scale.
Four studies reported having adapted their measures from other Se 
measures such as the MSLQ or the general Se scale (Buttussi & Chittaro, 
2018; Leder et al., 2019; Makransky, Borre-Gude, & Mayer, 2019; Meyer 
et al., 2019). Adopting a different approach to the construct, Leder et al. 
(2019) included Se in their personality measure set that was given to par-
ticipants pre-test. For this they utilised the German Locus of Control scale 
(Fkk). huang’s (2019) science Se measure was partially based on several 
previous science-related Se instruments and partially created for the study 
in question. in Qu et al.’s (2015) study, the only Se item in the belief and 
experience questionnaire (BeQ) was based on one that was used in previ-
ous research. The Mulilis-Lippa earthquake preparedness scale was used as 
a reference for the earthquake preparedness Se scale developed for Shu et 
al.’s (2019) study. 
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SELf-EffIcAcy fIndIngS 
in four of the seven studies, both immersive and desktop VR simula-
tions were associated with a significant increase in Se (Buttussi & Chittaro, 
2018; Makransky, Borre-Gude, & Mayer, 2019; Meyer et al., 2019; Shu 
et al., 2019). however, huang (2019) found no significant science Se ef-
fect, and Qu et al. (2015) reported mixed Se results. in Qu et al.’s study, 
after each participant had observed the virtual bystanders’ positive attitude 
towards their virtual peers in the english class, the positive or negative at-
titude displayed towards the learner during their turn to speak had a signifi-
cant impact on the learner’s Se. A two-way interaction between self-report-
ed anxiety and Se was also discovered (Qu et al., 2015).
in an aviation safety training scenario, Se significantly increased from 
the pre-test to the post-test, regardless of the type of display (Buttussi & 
Chittaro, 2018). Leder et al. (2019) found that the participants with higher 
Se scores identified more hazards in the pillar drill use safety training, but 
this was only evident in the CAVe VR condition. in the laboratory safety 
training, the immersive VR simulation led to significant increases in Se 
compared with the text booklet condition (Makransky, Borre-Gude, & May-
er, 2019). in the earthquake education, Se was significantly higher in both 
the desktop and hMD VR groups than in the control group that received no 
training, and no differences were observed between the non-immersive and 
immersive treatments (Shu et al., 2019). 
When learning biological concepts through immersive VR, pre-training 
significantly increased students’ Se (Meyer et al., 2019). Comparing video 
and immersive VR, there was evidence of interaction between the learning 
media and the instructional method, which was also evident in the results re-
garding Se. The level of immersion on its own did not explain the increase 
in Se, and the increase could not be attributed to the instructional method of 
pre-training. The authors concluded that more research is needed on the de-
velopment of Se when different instructional design methods are combined 
with different media (Meyer et al., 2019). 
dIScuSSIon
The aim of this study was to create an overview on the studies measur-
ing Se in immersive VLes; this was done by producing a narrative synthesis 
on the results of the systematic literature review. During the search process, 
the scarcity of research in the area became evident. A key factor in the cur-
rent study is that Se measures have seldom been used in the context of im-
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mersive VLes so far. other literature reviews on a specific area of research 
into immersive VR technologies have made similar observations (e.g. Bill-
ingsley et al., 2019). 
The diminutive number of studies found in this systematic literature re-
view reflects the results of Concannon et al.’s (2019) literature search, which 
was performed in 2017 and updated in January 2019. in their review, 13 
learning theories were found to be associated with immersive VR in post-
secondary education. The social cognitive theory was not among these, and 
Se was also not mentioned in them (Concannon et al., 2019). note that sev-
eral studies were excluded from the current review owing to exclusion crite-
ria related to reporting or experimental control.
The first research question was ‘how is Se being studied in immersive 
VLes?’ The studies included in this review represent a wide range of learn-
ing contexts, which echoes the findings of earlier research (Concannon et 
al., 2019; Pelargos et al., 2017). The majority of the studies included were 
conducted in a university setting with participants selected among the stu-
dents. only one study employed volunteers in its design. Many of the stud-
ies involved a comparison between learning media: the immersive VLe re-
mained the same across the treatments in only two studies. 
in Leder et al.’s (2019) study, Se was regarded as a personality mea-
sure, which is a clear diversion from previous recommendations (Bandura, 
2012; klassen & usher, 2010; Pajares, 1996). The study utilised the Ger-
man Locus of Control scale. Most of the selected studies measured domain-
specific Se, as advised by Pajares (1996), and their Se measures were ei-
ther partially or fully based on other previously published instruments. in 
all these studies, Se was measured in a self-reporting questionnaire using a 
Likert scale, between 5 and 11 points. A unipolar scale has been previously 
recommended for Se measures, with some reservations expressed towards 
the use of a modified Likert scale with a neutral midpoint (Bandura, 2012). 
only two of the reviewed studies measured Se with a unipolar scale starting 
from zero to the maximum level of Se belief. The number of items in the 
measures greatly varied, falling between 1 and 20. Bandura (2012) advised 
for measuring the strength of Se across a range of performances within an 
activity domain instead of that for performance on a specific item. 
Billingsley et al. (2019) have suggested that educational research into 
VR environments could benefit from the development of the methodology 
and measurements. The results of this study indicate that Billingsley et al.’s 
recommendation also applies in the study of Se in immersive VLes. For ex-
ample, Qu et al. (2015) reported that the attitude of virtual bystanders in a 
language class scenario had an impact on the participants’ Se. in their study, 
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Se was measured with only one questionnaire item; however, the authors 
also utilised physiological measurement data and a speech length assess-
ment to measure learner anxiety that, according to Bandura (1994, 2012), 
may influence Se. in the future, exploring the use of physiological measure-
ments to complement self-reported and observational data could perhaps 
further the study of Se in this context. 
The second research question was ‘What kinds of Se findings have 
been made in immersive VLes?’ Four of the seven studies included in the 
final review reported a significant positive effect on the learners’ domain-
specific Se. Quality appraisal is an important part of the systematic litera-
ture review method: uncontrolled experiments were excluded from the cur-
rent study as a quality measure (Sung et al., 2019; Torgerson et al., 2012). 
keeping in mind the varying level of experimental control in these reviewed 
studies, the results confirm that immersive VLes may indeed suit Se-build-
ing instructional strategies. Further, carefully designed research is needed to 
determine which factors influence learner Se and contribute to successful 
training and development in immersive VLes. 
Whereas media comparisons seem to have captivated the interest of 
many researchers, other approaches to studying learning in immersive VR 
should also be encouraged. To create evidence-based, Se-building pedagogy 
for the training and development of professional skills in immersive VLes, 
closely examining Se in the context of professional development is advis-
able. Cooperation with working life could benefit future research designs, 
both by allowing access to a more heterogeneous participant base and pro-
viding opportunities to study learning transfer between the immersive VR 
environment and the authentic work conditions. When measuring Se, care-
fully considering the nature of the construct before choosing and applying 
the instrument might lead to more consistent findings.
LIMItAtIonS of thIS Study
An exhaustive search to cover all the relevant studies is typical for a 
high-quality systematic review; ‘grey’ or unpublished literature is included 
with the intention of avoiding selection bias (Metsämuuronen, 2017; Torg-
erson et al., 2012). This systematic literature search was limited to peer-re-
viewed journal articles and book chapters that had been published between 
January 2014 and January 2020. The databases were chosen for their rel-
evance in the field of education research. Thus, the current study may be 
subject to some database or publication bias. 
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The search terms were selected to maximise the initial number of schol-
arly articles retrieved, under the recognition that a universally accepted 
glossary for terms related to immersive VLes does not yet exist. including 
studies on simulation may have increased the number of retrieved texts. Fur-
thermore, the analysis of the selected articles and the subsequent narrative 
synthesis were performed by only one researcher; there was no process in 
place to verify the coding and categorisation of the items by another expert 
to ensure the reliability of the analysis, which would undoubtedly benefit a 
systematic review (Torgerson et al., 2012).
concLuSIonS
in light of the results of this systematic literature review, little empirical 
research exists on Se in immersive VLes. immersive technologies appear to 
suit various learning contexts. They also seem promising from the viewpoint 
of developing learner Se, but the factors contributing to the Se-building 
process are not yet clear. Rigorous empirical studies are needed to reveal the 
most successful instructional strategies and pedagogical models for profes-
sional training and development in immersive VLes: expanding the research 
scope to working life is recommended. To contribute to the study of motiva-
tional and affective domains in the field, it would also be advisable to care-
fully choose the Se instruments and invest time in developing new research 
methodology.
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